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DESCRIPTION OF THE 

CROSSNESS PUMPING ENGINES 

FOR THE METROPOLITAN MAIN DRAINAGE WORKS. 

BY MR. GILBERT HAMILTON, OF MESSRS. JAMES WATT AND Co. 

These Pumping Engines, which have been constructed at the 
writer’s works, are situated at Crossness Point, where the Southern 
Outfall Sewer for the drainage of the southern portion of London 
discharges into the Thames, about four miles below Woolwich. This 
outfall sewer being at a low level, with its bottom about 8 feet below 
the mean low-wat,er level, the sewage has to be lifted by pumping, 
to a level sufKciently high for discharging it into the river soon after 
high water; the time for discharge is restricted to that period, for 
the purpose of getting the sewage a t  once carried out to sea by the 
ebb tide, and preventing any of it from floating upwards on the river. 
The sewage is therefore pumped into a large covered reservoir at a 
higher level, where it is accumulated by continuous pumping during 
the period of low water and 3ood tide j and from this reservoir it is 
allowed to flow out direct into the river, its soon as the time of high 
water has passed and the ebb tide is running. 

The reservoir is shown at A A  in the general plan and section, 
Figs. 1 and 3, Plate 76, and to a larger scale in the section, Fig. 5, 
Plate 77. It consists of four compartments, each roofed over by 
eight parallel brick arches of about 15 feet span, carried upon piers 
about 20 feet apart. The whole reservoir is 560 feet long and 520 
feet wide ; the average height to the crown of the arches is 1 7  feet, 
and the reservoir contains 24 million gallons when filled to a depth 
of 15 feet, the level of the overflow weirs. 

The sewage is brought from the main outlet sewer B, which 
is 11i feet diameter, by the low-level culvert C, Figs. 1, 4, and 7, 
discharging by two branches into the two pump wells D D, situated 
at opposite ends of the engine house. The sewage on entering 
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passes through an iron grating E E, Figs. 6 and 7, for stopping the 
entrance of floating timber or other large solid matter, the openings 
in the grating being 6 inches in width ; and it then passes the filth 
hoist F, which consists of an endless bucket-chain worked by the 
engine in front of a vertical grating, and intended for separating 
and lifting out the more solid portion of the sewage into a separate 
receptacle, to be carted away and utilised. The sewage passes 
thence to the pumps D D ; or when desired it can be admitted direct 
t o  the pumps through the second channels (3, Fig. 6, by opening or 
closing the different penstocks. 

There are four pumping engines, working independently, and all 
duplicates of one another, as shown in Figs. 6 to 9, Plates 78 to 81. 
Each engine works two sets of pumps D D, and each set consists of 
four single-acting plungers feet diameter, working in a cylindrical 
casing of 11$ feet internal diameter. The two outer plungers iq each 
set have a stroke of 49 feet, and the two inner ones half that stroke. 

One of the pumps is shown in section to a larger scale in Fig. 10, 
Plate 82. The plungers HH are hollow cylinders working through 
s tag-boxes ,  and coupled to connecting rods I1 from the engine 
beam; the connecting rods are coupled in each case to the top of 
the plunger pole J near the level of the engine-house floor, where 
the top of the pole works between a pair of vertical guide-cheeks K K, 
as shown in the sectional plan, Fig. 11. Each plunger pole 
is made with a long socket-joint piece J, for uncoupling the plunger 
when not required in action by simply withdrawing the cotter ; the 
socket-piece is sufficiently long to allow of sliding the full length of 
the stroke without disengaging from the plunger pole. The plunger 
when disconnected is suspended by two crossbars LL, carried by 
brackets fixed upon the top of the pump case. The suction valves M 
consist of a set of leather flaps loaded with wrought-iron plates, 
and figed npon a horizontal frame with openings 9 by 18 inches, as 
shown to a larger scale in Figs. 1 2  and 13, Plate 83. A crossbar N 
is fixed over each line of flaps to limit their rise. The delivery 
valves 0 0, Fig. 10, are vertical sets of leather flap-valves similar to 
the suction valves, with openings 12 by 18 inches, as shown enlarged 
in Fig. 14. 
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238 CROSSNESS PUMPING ENQINES. 

The four sets of pumps worked by two adjoining engines 
deliver into a covered wrought-iron trough P, Fig. 10, 11; feet wide 
and 10 feet high, placed longitudinally between the two engines, 
Figs. 6, 7, and 8, and discharging at  the outer end into the upper- 
level culvert QQ, which leads to the reservoir A, Fig. 2. The 
wrought-iron troughs PP  are each closed at  the inner end by a 
penstock j and they are furnished with an air-vessel R, Fig. 10, in 
the centre of each, for the purpose of easing the action of the pumps 
when the trough is full and the pumps are working against a head 
greater than the height of the trough. The work done by the 
engines in pumping varies very considerably with the height of the 
sewage in the reservoir, the lowest lift of the pumps being 19 feet 
when beginnhg to fill the reservoir, and the highest lift 33 feet when 
the reservoir is full ; the average working lift is about 26 feet. 

The contents of the reservoir are discharged into the river by 
the two middle-level culverts SS about 9 feet wide, shown dotted in 
the plans, Figs. 1 and 2. These are situated at an intermediate 
level between the lower supply culverts C C and the upper deliverg 
culverts Q Q, Figs. 3 and 4, and are a t  a level of 7 i  feet below the 
floor of the reservoir, so as to drain it completely ; the floor has a 
fall of 2+ feet from the back to the front of the reservoir. Whenever 
it happens that the tide is low enough during the time that the 
engines are pumping, the sewage is allowed to flow direct into the 
river from the pumps through the middle-level outlet culverts S S, 
without entering the reservoir. The three levels of culverts are all 
carried along the whole breadth of the reservoir A in the same line 
C C, Fig. 1, and Q Q, Fig. 2 ; they are built one over the other, as 
shown in the sections Figs. 3 and 4, and separated by floors formed 
of cast-iron girders carrying stone flags. The level of the middle 
culvert S is lo$ feet above the lower one C and 82 feet below the 
upper one Q ;  and the middle culvert S is 2+ feet above mean 
low-water level of the river. Eaeln ef these three culverts 
communicates with the reservoir A by a continuous series of lateral 
openings, Figs. 1 and 2,  each 3 feet 3 inches wide and 3 feet 9 inches 
high, and closed by a penstock. The two middle-level culverts SS 
forming the discharge outlets from the reservoir are carried out 
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some distance into the river, ending with timber troughs 10 feet 
wide and 80 feet long, as shown in.Figs. 1, 2, and 3. 

AE a general rule the sluices are opened for discharging the 
sewage into the river about two hours after the time of high 
water, except on occasion of the neap tides, when they axe opened 
just after high water. In dry weather they sometimes remain 
open for only two hours, the ebb tide lasting seven hours; but 
in very wet weather they are kept open for five or six hours. In 
the event of a very high tide, the level does not admit of the 
sewage beginning to run into the river from the reservoir until 
the water in the river has fallen below the level of the top of the 
reservoir; such a high tide however does not often occur, the 
ordinary rise and fall of the tide being about 18 feet. In the 
case of a very heavy rainfall, as there is not sufficient storage room 
in the reservoir to allow of adhering to the principle of discharging 
the sewage into the river after high water only, the engines are 
then allowed to pump direct into the river as soon as the reservoir 
is full; in such a case however the sewage is very much diluted 
with water comparatively pure. This pumping direct into the river 
is effected by opening the penstocks at  the inner ends of the 
wrought-iron troughs PP, Fig. 6, and letting the sewage flow 
out through the branch low-level culvert T T, which discharges 
into the river by the wide mouth U, Fig. 1. This outlet consists 
of twelve cast-iron pipes, 4 feet 4 inches diameter and 140 feet 
long, placed at  one level in the bed of the river below the low-water 
line, These pipes form also the direct mouth of the main outfall 
sewer B, which is ordinarily shut off by a penstock at  V, in order 
to allow of the sewage being led away to the pumps; but it is 
sometimes opened as the storm outlet, whenever requisite for the 
discharge of extra storm waters direct from the main outfall sewer. 

The pumping engines are shown in Figs. 8 and 9, Plates 80 and 
81 ; they are double-acting high-pressure expansive engines, with 
single steam cylinders 48 inches diameter and 9 feet stroke, and 
furnished with a flywheel beyond the pumps, to equalise the motion. 
Although the pumps are single-acting, the work done in the up and 
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240 CROSSNESS PUMPING ENGINES. 

down strokes of the engine is equalised by one set of pumps being 
placed on each side of the beam centre. 

The cylinders me steam-jacketted, and one of them is shown to a 
larger scale in Figs. 15 and 16, Plates 84 and 85. The valves are of 
the double-beat construction, the s t e m  valves being ?a inches and 
the exhaust valves 8% inches diameter ; they are worked by a cam 
shaft W having h e d  cams X X for the exhaust valves, and a sliding 
cam Y for the steam valves, in order to v q  the rate of expansion 
according to the work to be done. 

The valve cams are shown to a larger scale in Figs. 18 to 21, 
Plate 86. The exhaust cams X X  have a lift of 2 i  inches, holding 
the valve open to nearly the end of the stroke. The steam cam Y 
has a lift of 1Q inches, with three steps for the different grades of 
expansion, cutting off at 12, IS$, and 25 per cent. of the stroke. 
This cam slides upon a feather on the shaft W, and is shifted by 
means of a toothed sector, Fig. 17, gearing into the outer end of the 
rod Z which is carried through the centre of the shaft W, Fig. 19. 
The lead of the steam and exhaust cams, as shown in Fig. 21, is 
such that a t  the commencement of the stroke the steam valve is 
open + inch and the exhaust valve 1 3  inch. 

The steam pressure in the boilers is 35 lbs. per square inch, and 
the steam is cut off in ordinary working at 18t per cent. of the stroke 
when the lift of the pumps does not exceed 20 feet j with a greater 
lift, up to the extreme of 34 feet lift, the steam is increased to 25 per 
cent. The working speed of the engines is about 11 revolutions per 
minute, or 198 feet per minute speed of piston. 

Indicator diagrams taken from the four engines are shown in Figs. 
22 to 25, Plates 87 and 88 ; in each case the strong full line is the 
diagram from the bottom of the cylinder, and the strong dotted line 
is that from the top. The fine lines show the theoretical true expansion 
curve, the clearance space in the steam port and at the end of the 
cylinder being equivalent to an addition of 2% per cent. to the length 
of stroke. The mean pressure per stroke is 6.6 lbs. steam and 
12.0 lbs. vacuum, or 18.6 Ibs. total, giving 202 indicated horse power 
for each engine. 
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Name Date 
of Engine. 1 of Trial. 

I 
1866. 

Alexandra .... .. 24-27April 
AlbertEdward 28-31 May 

PrinceConscrt 11-14 July 
Victoria ........_ 23-27 July 

The duty of the engines, as ascertained in the official trials made 
when they had been about a year a t  work, averaged 86 million lbs. 
raised one foot with the consumption of one cwt. of Welsh coal, the 
duty having been designed to be not less than 80 millions. The trials 
extended over four consecutive days with each engine, the total 
consumption of fuel and total work done being accurately measured 
in each case; and the indicator diagrams shown in Plates 87 and 88 
were taken at  the same time. The particulars of the four trials are 
given in the accompanying table, the total consumption of coal being 
1244 cwts., the average height of lift 20.5 feet, and the average duty 
86.4 millions ft-lbs. per cwt. of coal. 

Crossmess Pimping Efigi?m. 
Details of oficinl tvials i?b 1866. 

Duration ' :::! 
of Trial. height. 

Hrs. mins. Lbs. Feet. No. 
81 20 35,000 19.220 51,394 
82 4'3 31,792 22.791 58,424 
81 30 34,914 18507 52,545 
83 30 37,669 21.482 53,474 

Duty 
per cwt. 
of coal. 

Ft-lbs. 

85,637,051 
84,960,460 
84,546,021 
92,602,620 
~- 

The boilers are shown in the plan and section, Figs. 6 and 9. 
There are h e l v e  boilers, 6 feet diameter and 30 feet long, with& 
fire tube 3 feet 3 inches diameter at  the fire and 2 feet 11 inches in 
the flue portion j they are set upon two longitudinal walls, with a 
bottom flue and side return-flues. 

These engines have now been at  work since 3rd April 1865, and 
one or more of them is always a t  work except in very dry weather. 
In ordinary fair weather the usual amount of working is, one engine 
alone €or 8 hours out of the 12 hours of each tide, and three engines 
for the remaining 4 hours; but this varies greatly and suddenly 
with the weather, and sometimes the four engines are at  full work 
together for several hours after a heavy rain in London. The effect 
of the rain is generally felt at  the engines about six hours after it has 
fallen, which allows time for getting up the steam in all the twelve 
boilers if necessary, steam being ordinarily kept up in only six of 

1, 2 
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them. A severe rain for a few hours in London generally necessitates 
the employment of the four engines, and the effect at  Crossness is 
hard work for all four for a short period, and then gradually one 
engine at  a time is knocked off, until the ordinary work of one 
engine is sufficient to keep the sewage in the culverts at  the proper 
level. On several occasions when there has been an excessive quantity 
of water, t,he direct outlet U, Fig. 1, from the mouth of the main 
sewer B to the river has been used; one instance was on the 
occurrence of the rapid thaw after the severe frost and heavy snow 
of last winter. This plan however is only adopted when the sewage 
comes down in the culverts faster than the four engines can pump ; 
and by this means the sewage in the culverts is reduced to 8 feet 
depth, that being the lowest level at which it can discharge direct 
into the river by the outlet U. The four engines when pumping 
all together discharge 1 million gallons per hour, and are therefore 
capable of filling the reservoir in 32 hours, the total contents being 
24 million gallons. 

The CHAIRMAN remarked that the large engines described in the 
paper just read were doing a class of work which was a t  present 
rather new in this country, but the importance of which was becoming 
more and more apparent every year; and there seemed no doubt 
that, before many years had passed by, such works would be very 
largely extended in different parts of England. He enquired whether 
the engines now described were the largest that had yet been 
constructed for the purpose of pumping sewage. 

Mr. HAMILTON replied that the Crossness engines described in the 
paper, with cylinders 48 inches diameter, were' of the largest kind 
yet at work ; but a pair of engines were now being put up a t  the Abbey 
Mills station, a t  the outfall of the northern drainage of.London, which 
had cylinders 54 inches diameter. A pair had also been put up at 
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Deptford with 48 inch cylinders; and all these engines were 
constructed on very nearly the same plan, being all employed for 
pumping the sewage of London. 

Mr. J. MCFARLANE GRAY enquired what was the consumption of 
fuel per indicated horse power of the engines. 

Mr. HAMILTON replied that the engines were working at  202 
indicated horse power, and the consumption of coal was about 2.2 
lbs. per indicated horse power per hour. 

Mr. F. J. BRAMWELL observed that the practice which originated 
in Cornwall of stating the duty of engines in millions of pounds 
raised 1 foot high by the consumption of 1 cwt. of coal had the 
disadvantage of giving a sort of eqaggerated notion of the work 
done ; and this mode of stating the consumption involved the trouble 
of conversion into the more general one of pounds of coal consumed 
per indicated horse power per hour. For the purpose of comparison 
it was convenient to remember that a consumption of 1 lb. of coal 
per hour, for each horse power of 33,000 lbs. raised 1 foot high per 
minute, was equivalent to a duty, excluding friction &c., of very 
nearly 222 millions ; and similarly a consumption of 2 lbs. per horse 
power was equivalent to a duty of 111 millions. Hence the 
consumption now stated of 2.2 lbs. per indicated horse power per 
hour would correspond to a duty of about 100 millions; and the 
actual duty given in the paper being 86 millions, the difference or 
14 per cent. was the proportion of power expended in the friction 
of the engines and the working of the air-pumps &c. A duty of 
86 millions was however a very high performance for a pumping 
engine, and greatly in excess of the pumping engines iii Cornwall at  
the prescnt time, the average duty of which had been decreasing 
from 68 millions per cwt. of coal in 1844 to 51 millions in 1859; 
while for the month of August last the average was a little below 50 
millions per cwt. of coal, in comparison with the 86 millions performed 
by the Crossness engines. These engines were therefore a practical 
proof that a beam engine with crank and flywheel could be made to 
give as good a duty as engines of Cornish construction, and even a 
better duty. In the prescnt instance the very low lift at  Crossness 
would certainly be disadvantageous for the Cornish engine, which'if 
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used at all should only be employed in the drainage of dccp mines, 
where there was a heavy mass of pump rods to be set in motion 
a t  the beginning of each stroke j the inertia of this mass counteracted 
the sudden large pressure produced by the admission of the high- 
pressure steam a t  the commencement of the stroke, while the 
momentum of the mass when put in motion was afterwards given 
out during the expansion in the latter part of the stroke. 

In  reference to economy of working, he thought attention might 
with advantage be directed to the surprising performance of the 
non-condensing portable agricultural engines exhibited at  the last 
show of the Royal Agricultural Society at  Bury St. Edmunds. 
These cngines were tested by working a friction break loaded by 
a weight ; and the power was arrived at, not by taking an indicator 
diagram from thc steam cylinder, but by the actual load upon the 
break wheel, so that the result gave the nett effective powcr, 
independent of the friction of the engine and break-pulley axle and 
tho slip of the strap. The consumption of fuel with these high- 
pressure engines was found to be less than 3 lbs. per horse power per 
hour, as measpred by the break ; which would be equivalent to more 
than 74 millions of duty. Such a performance, on the part of engines 
not possessing the advantage of a large vacuum diagram, was so 
remarkable, in comparison with other engines which were generally 
considcred to be very economical in working, that he thought the 
matter was deserving of further consideration. It might be partly 
accounted for by the vcry efficient manner in which the cylinders of 
the portable engines were steam-jaclretted, not only all round the 
sides but also over the covcrs at  both ends ; and the steam jackets 
were so arranged that the steam which became condensed in them 
was drained back into the boiler. In some of the stationary engines 
however of the same construction, which when under trial were not 
worked from their own boiler, the water was not able to run back 
from the steam jacket into the boiler; in this case it had been 
considered by some of the exhibitors that it would be a disadvantage 
to use steam in the jackets, if the water had to be allowed to run t o  
waste; but others with a better appreciation of the functions of a 
jacket had kept the steam on, and had derived great advantage from 
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its use in the jacket, notwithstanding that the water could not be 
returned into the boiler but had t o  run to waste. 

In  the leather flap valves which formed the delivery valves of 
the plunger pumps in the Crossness engines, he thought there might 
be some risk that the flaps might not be all opened at  each discharge 
of the pump, but that a portion only out of the whole number might 
be opened, and the rest remain constantly closed, without coming 
into action at  all. For it appeared from the paper that the area of 
opening a t  each flap was 12 inches by 18 inches (as shown in the 
drawing, Fig. 14) j and if the width of margin all round were 2 inch, 
this would give an area of about 47 square inches of beating face for 
each flap. Taking the average head of water on the back of the 
valves to be equivalent to 12 Ibs. per square inch, this with the 
atmospheric pressure of 14 lbs. would make 26 lbs. per square inch, 
giving upon the 47 square inches area of facing a total pressure of 
1222 lbs. or more than half a ton upon each flap j and to overcome 
this resistance an extra pressure mould be required upon the inner 
side of the flap amounting to 5.6 lbs. per square inch, in order to 
lift the valve off the face. In an indicator diagram taken from the 
pump itself, this extra pressure would not appear as work done, but 
only as a sudden jump of the indicator at  the very commencement of 
the stroke, because the action was altogether momentary. But he 
thought this must cause the valves to work with a considerable 
amount of concussioo; and having had several opportunities of 
seeing the engines at work, he believed that was actually the case. 
Supposing moreover that some of the valves happened t o  have a 
little larger facing than the others, those valves would be the most 
difticult to drive off their seats ; and as the pressure inside the pump 
was greatly reduced the moment any of the valves were opened, it 
appeared probable that the flaps which a t  that moment still remained 
unmoved might continue closed throughout the whole delivery of the 
pump, causing the water to be throttled in its passage through the 
valve openings. Thus if the pressure of 5.6 lbs. per square inch put 
upon the plungers were sufficient to drive all the water through half 
of the valve openings, the other half of the flaps might never lift at  
all during the stroke ; and tlierefore, although a large number of 
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valves were provided, it did not follow that they would all be in 
action. From these considerations he thought it would have been 
very desirable to get rid of the large area of facing to each flap, by 
adopting some other construction or proportion of the valves ; and 
he enquired if any observations had been made as to whether the 
whole of the valves did open in regular working. 

One other point that he wished to allude to in reference to the 
Crossness engines was the mode of condensation, which he understood 
was effected by injection, the sewage water pumped up by the engines 
being used for the purpose. Such a plan must prove detrimental 
to the engines themselves and to the boilers ; and it was matter of 
surprise that, if nothing but the sewage water itself was available 
for condensing purposes, a surface condenser had not been applied to 
these engines, instead of injection. 

The highly economical working of the engines, hi spite of the 
disadvantages under which they laboured in the respects that he had 
referred to, was a most satisfactory result, and reflehed the greatest 
credit upon the makers; and it was to be regretted that they had 
been restricted to particular arrangements in certain parts of the 
engines, where there appeared good reason for considering that better 
plans might have been adopted. 

Mr. HAMILTON explained that the engines had been constructed 
in accordance with the drawings and specification supplied for the 
purpose, and he concurred in thinking that the improvements now 
suggested would be very beneficial to the working of the engines. 
With regard to the objection of the large extent of beating face in 
the delivery valves, he had endeavoured to obviate this by diminishing 
the width of the beating surface all round the flap to 4 inch or rather 
less ; but it was then found that the wrought-iron plates upon the 
backs of the leather flaps were broken by the force of the concussion 
in closing, and it had therefore been necessary to increase the thickness 
of metal and to widen the beating surface to 2 inch, which was the 
present width. There had not been any means of observing whether 
all the delivery flaps opened a t  each discharge of the pump ; but he 
did not think that any little irregularities arising from sticking of the 
valves or from difference of weight in the iron plates woulcl bc 
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sufficient to interfere d t h  the flaps all opening a t  each stroke; 
because the moment a few of the flaps were opened, the pressure 
behind the rest was so much reduced that they would be lifted off 
their faces by a much lower pressure than that required to open the 
first few flaps. 

In  reference to the condensation of the steam in these engines, 
it was certainly the case that at  present the dirty water which was 
discharged into the river from the sewage was being employed as 
injection water for the condensers; and it was of course highly 
desirable that such a state of things should be remedied. This was 
likely to be accomplished shortly, he believed, either by the 
substitution of surface condensers, with which the sewage water could 
still be made of service, or by a supply of pure water for injection, 
pumped from wells which were now in process of sinking to get 
pure water for the boilers. 

Mr. J. MCFARLAXE GRAY mentioned that in the case of air pumps 
attached to marine engines he had met with many instances where 
much trouble had been experienced from thumping of the valves, 
and in some engines the air-pump buckets had been found to be 
broken. On taking indicator diagrams from the air pumps in several 
instances, the remarkable circumstance was disclosed that the 
pressure had to be raised in some cases to as much as 24 Ibs. per 
square inch above the atmosphere, or 36 lbs. effective pressure above 
the vacuum (as shown at A in Figs. 26 to 28, Plate SS), before any 
delivery took place through the discharge valve ; and this necessarily 
invohed a corresponding loss of work in the mere opening of the 
discharge valve. With the pumping engines described in the paper 
there was of course no such actual loss of work, as the pumps were 
always full of water ; but there would no doubt be a concussion upon 
the valves at the instant of commencing the discharge stroke. The 
difficulty of getting the valves to open promptly and efficiently was 
not confined to the ordinary flap valves, like those shown in the 
drawing; but the same was the case with the plain india-rubber 
disc-valves, now so extensively employed for the air-pump valves in 
marine engines, and it was to these that the indicator diagrams 
shown in Figs. 26 to 28 referred. The grids of these valves were 
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now frequently made with round holes drilled with a slight bell 
mouth, as it was found that the india-rubber disc-valves, particularly 
when allowed to shift round, lasted longer than with the grid cast 
in rectangular holes. He thought it very likely that the irregular 
wearing sometimes observed in large valves might be due to the 
valve opening irregularly, first a t  the part where the cover of the 
valve was the least, and perhaps remaining altogether closed at some 
other parts. 

Mr. C .  W. SIEMENS observed that the rise of 24 lbs. per square 
inch above the atmosphere, mentioned as having occurred in the 
indicator diagrams taken from the air pumps of marine engines, 
would certainly be a very astonishing pressure, if it really indicated 
a corresponding actual pressure in the air pump for opening the 
discharge valve. But while not doubting tho accuracy of the 
diagrams taken, he suggested that, if there were any considerable 
length of horizontal pipe intervening between the air pump and the 
indicator, and containing a column of water, the sudden jump of the 
indicator (at A, Figs. 26 to 28) might be occasioned by the 
momentum of this column of water combined with the momentum 
of the indicator piston itself, at the instant when the orifice of 
the pipe became covered by the water in the air pump ; whereby 
the piston would be carried up far beyond the point really indicating 
the pressure in the air pump at that moment. This view seemed 
to be confirmed by the corresponding deep hollow B immediately 
following the jump A in the diagrams, which would be occasioned 
by the rebound of the indicator piston in falling j and he thought 
therefore that the actual pressure in tho air pump at the moment 
of discharge was probably more nearly that represented by the 
second and lower oscillation shown at C in the diagrams ; the amount 
of this second rise appeared to him to be quite sufficiently above 
the atmospheric pressure, not only to ensure the prompt opening 
of the discharge valves, but to show there must be something 
wrong in the construction of the valves themselves, that they did 
not open with a much less amount of pressure. 

Mr. J. MCFARLANE GRAY did not think the great rise at A in the 
air-pump diagrams (Figs. 2G to 38) could be accounted for as a mere 
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jump of the indicator piston, occasioned by its own momentum or 
that of water in the connecting pipe ; for an approximate independent 
calculation of the quantity of water discharged by the air-pump at 
each stroke showed the space occupied by the water, and the 
ascending curve in the diagrams being found to form a regular 
hyperboIic expansion curve up to the point A, the vertical asymptote 
DE of the hyperbola coincided with the ordinate which marked off 
the space due to the calculated quantity of water. He accordingly 
considered that the point A indicated the actual pressure reached in 
the pump at the moment when the discharge valve opened. The 
succeeding drop in the diagrams to the point B was no doubt 
satisfactorily explained by the recoil of the indicator piston, in 
consequence of the sudden liberation of the compressed air on t,he 
opening of the valve; this ?as followed by a counter-recoil a t  C ,  
and the average line of these two recoils would show the constant 
pressure necessary for keeping the valve open to the required extent 
for the discharge of the water during the Iast portion of the stroke. 
The amount of the presssure required for opening the valve in the 
first instance, as shown a t  A in the diagrams now exhibited, was 
no doubt very much beyond what might have been generally 
expected previous to the evidence afforded by the application of 
the indicator; but he thought it did not seem excessive when it 
was considered that the total area of passage afforded by the small 
round holes in the grid of an india-rubber discharge valve amounted 
to less than half the area of the valve disc ; this alone would require 
the pressure to be proportionately increased for opening the valve. 

Mr. W. NAYLOR remarked that, in reference to the amount of 
force req+red for opening the delivery flap valves in the pumping 
engines described in the paper, he thought a still more important 
question to be considered was the force exerted to close the delivery 
valves at the end of the stroke, by the return pressure of the column 
of water on the back of the valve j and with the size of the flap valves 
shown in the drawing, with 12 in. x 18 in. openings, he was not 
surprised to  learn that anything less than 2 inch width of beating 
face all round had been found insufficient in working. An illustration 
had occurred in his own experience some years ago, of the great 

M 2  
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amount of force exerted by the return pressure of a column of water 
in a pump; for in the case of a force-pump erected for pumping 
water under a pressure of only 36 lbs. per square inch, the delivery 
pipe frequently gave way at  the bottom, close to the pump ; and on 
applying a pressure gauge at  that place it was found that immediately 
after the termination of each stroke the pressure rose to as much as 
156 lbs. per square inch, in consequence of the momentum of the 
returning column of water being suddenly checked by the closing 
of the valve, so that it acted as a hydraulic ram. In this case the 
lift bf the valve was not more than about 14 inch, its diameter being 
only 5 inches; and therefore as the concussion was so violent 
on this small scale, it was eyidently of great importance that in large 
pumping engines some provision should be made for gradually 
stopping the return motion of the water in the delivery main, BO as 
to reduce the violence of the blow in the closing of the flap valves. 
In the instance he had referred to, an air vessel subsequently fixed 
between the pump and rising main was effectual in preventing any 
further accident to the pipe. 

Mr. E. A. COWPER quite agreed in the opinion that the concussion 
produced by the closing of the large flap valves in the pumping 
engines now described was a far more serious consideration than the 
slight shock occasioned in opening the valves : it was the plungers 
returning with the delivery valves stdl partly open that caused the 
blow to be so serious; and he was surprised at  the flap valves being 
made of so large a size as shown in the drawings, and thought they 
would be much better if made considerably smaller. With regard 
to the use of leather for the beating faces of the valves, he had 
found in some sewage pumps, which he had put up some years ago, 
that leather became worn out in three months when used for this 
purpose, whereas good white vulcanised india-rubber lasted much 
better, the injurious effect of the blow in the closing of the valves 
being also lessened by the elasticity of the india-rubber; and he 
believed therefore india-rubber would have been preferable in the 
engines now described, and would last much longer than the leather. 
The plungers being arranged to work in sets of four in one 
cylindrical barrel or plunger case, there was of course a good deal 
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of space left between them; and the air collected there would be 
constantly expanding and contracting at each stroke of the plungers, 
if allowed to remain in the pump, and would thereby occasion a 
waste of power. 

In reference to the excess of pressure necessary to open the 
delivery flap valves, this was certainly a serious addition to the work 
to  be done by the engine; and in the case of a condensing-engine 
air-pump he had found by an indicator that the pressure rose to 
the extent of as much as 3 to 4 lbs. per square inch above the 
actual delivery pressure, equivalent to  an extra head of about 7 feet 
of water. This was about the amount of the head upon the 
delivery valve of a marine-engine air-pump, SO that in that case the 
pressure for the time would be doubled ; but with the small round 
holes in the grid of an india-rubber disc-valve, the pressure would 
have to be increased beyond the 3 or 4 lbs. corresponding to that 
head, in consequence of the greatly diminished area of passage 
through the valve. He did not think however that round holes 
were now usual for the grids of such valves, but believed the 
gratings were generally made with narrow rectangular openings, the 
grid bars being rounded on the top surface; by this means the 
excess of pressure necessary to lift the india-rubber disc off the bars 
was reduced to a minimum. He had had india-rubber valves in 
excellent condition after four years’ wear. 

With respect to the indicator figures taken from the steam 
cylinders of the engines described in the paper, he enquired what 
had been the reason for carrying the expansion to so great an extent 
in a single cylinder, considering that in the present instance the low 
lift of the pumps did not admit of the heavy weight of pump rods, 
which in the ordinary Cornish engine constituted the main ground 
for the high degree of expansion there employed. He suggested 
that if the indicator figure had been cut in half, and the expansion 
performed by means of a double-cylinder engine expanding to half 
the extent in each cylinder, the strain upon all the parts of the 
engines would have been much less, and the present enormous fly- 
wheels of 50 tons weight would not have been wanted. He 
understood in fact that the flywheels were at first intended to be 
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only 25 tons weight; but they had been made of 50 tons weight, 
in order to be capable of absorbing the excessive amount of power 
which was thrown into the wheel by the extreme pressure on the 
piston at  the commencement of each stroke. The same amount of 
power had to be given out again by the flywheel a t  the close of the 
stroke; and there could be no doubt therefore that this constant 
transfer of such large amounts of power at  each stroke must throw 
a very great strain upon the beam, connecting-rod, pump rods, 
and foundation, and must seriously increase the cost of maintaining 
the engine. He thought a cheaper engine, with much less strain 
upon the parts, might be made, requiring considerably less power 
to do the same amount of work. From the experience of a pair 
of single-cylindcr engines which he had made many years previously, 
he was satisfied that it mas not advantageous to expand beyond EL 

certain moderate extent in one cylinder ; whereas in other engines 
having two cylinders he had found no difficulty in carrying the 
expansion further than in the engines now described. 

As to the use of the sewage water for the injection in the 
condenser, he thought there could not be two opinions as to the 
objectionable nature of such a plan ; and with the advantage of an 
unlimited supply of the cold sewage water pumped up by the engines, 
it certainly seemed very desirable to substitute surface condensation, 
whereby a supply of pure water would always be returned to the 
boilers. Moreover with a surface condenser there was the further 
advantage that at  least another inch of vacuum was gained, as 
compared with an injection condenser. 

Mr. J. MCFARLANE GRAY explained, with regard to the holes in 
the gratings of india-rubber valves, that although narrow rectangular 
holes had been extensively adopted for the purpose, the round holes 
were now more generally employed in the case of marine-engine 
air-pumps, because it was found that the grids with rectangular holes 
were liable to become cracked through at  the corners of the holes, 
particularly in the air-pump buckets. In the repairs of marine 
engines he had frequently been called upon to replace the original 
grids with rectangular Boles by new ones with round holes, at the 
request of the engineers in charge of the vessels. It was also 
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found that the round holes had the advantage of not cutting the 
india-rubber so much as rectangular holes did. 

Mr. HAMILTON said that, respecting the comparative durability 
of india-rubber and leather for the beating faces of pump valves, his 
own experience did not enable him to state which material was the 
best. He had found india-rubber a very perishable article, wearing 
away very rapidly, and indeed under ordinary pressures much more 
rapidly than leather. For work of the kind described in the paper 
he believed leather was best ; and he had met with cases in which 
india-rubber had not lasted more than a month for similar purposes. 
The flap valves for the delivery from the pumps shown in the drawing 
were no doubt of large size, and it might perhaps be more economical, 
in regard to the wear of the boating surfaces and the force required 
to open the flaps, if they were made of a smaller size; but the 
difXculty then would be to get the requisite area of passage for the 
quantity of water discharged by the pump. 

In reference to the suggestion that only a certain number of the 
flap valves might open for the passage of the water, while the rest 
might remain shut, he doubted greatly whether that was ever the case 
in reality, and he believed that in fact all the valves did open. The 
india-rubber disc-valves, which had been spoken of so favourably in 
connection with marine-engine air-pumps, would certainly not have 
been suitable for the present purpose ; because a large portion of the 
area, at the centre of each disc, where it was held down tight to the 
grid, was practically useless for the passage of the water, and the 
rise at the circumference of the india-rubber disc gave an area 
of passage which was generally only about one quart,er of the 
area of the disc itself. Moreover the vacant spaces left between 
a number of the circular india-rubber valves would reduce the 
area of passage at  least one third in the first instance; for in 
punching out the blanks for coins in coining presses, it was found 
that, when the holes were punched as close together as practicable, 
there was still fully one third of the metal left behind. On these 
accounts, notwithstanding the disadvantages of flap valves, he 
preferred to use them for the delivery valves of the pumping engines 
described in the paper ; and for the same reasons he also continued 
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to m e  flap valves for the air-pump foot and delivery valves of 
condensing engines, except in the case of marine engines, where the 
india-rubber disc-valves were employed on account of their easier 
action for a quick speed. The most serious objection to the flap 
valves he considered was the injury done by the back blow of the 
flaps in closing, which destroyed the material of the beating faces, 
whether india-rubber or  leather. 

No difficulty had been experienced from accumulation of air in the 
pump case in which the plungers worked, nor were air cocks found 
necessary for getting rid of it. Any air making its way to the top 
of the case escaped through the stuffing-boxes of the plungers, 
which were not air-tight, although packed tight enough to prevent 
leakage of water. 

With regard to the use of double cylinders, for the purpose of 
obtaining the same degree of expansion in two stages, the experience 
of the working of the double-cylinder engines at  the New River 
Water Works had led to the conclusion that the single cylinder 
was best. A double-cylinder engine was much more complicated in 
construction; and the extra expense of keeping it in order, in 
consequence of the greater number of parts exposed to wear and tear, 
as well as the extra friction, was considered objectionable. In  the 
engines now described, the object was to get the greatest amount 
of expansion possible in a single cylinder, using of course a 
proportionately heavg flywheel to equalise the motion. 

Mr. B. P. WALKER enquired whether any comparison had been 
made between centrifugal pumps and pumps such as those described 
in the paper, and what was the comparative value of the two in 
raising large quantities of water. 

Mr, HAMILTON replied that he had made a number of careful 
experiments with centrifugal pumps, and he believed the duty done by 
the engines now described was quite double that performed by the 
best centrifugal pump. 

The CHAIRMAN moved a vote of thanks to Mr. Hamilton for his 
paper, which was passed. 

The following papcr was then read :- 
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